New results in pole assignment by real output feedback Rosenthal, J Rosenthal, J (1992 Abstract. This paper considers the problem of tuning natural frequencies of a linear system by a memoryless controller. Using algebro-geometric methods it is shown how it is possible to improve current sufficiency conditions.
it is possible to assign a set of real eigenvalues, in particular when it is possible to stabilize a generic system. Because the eigenvalues correspond to the poles of the transfer function under Laplace transform one often refers to this type of problem as the pole placement problem. This question has already been considered by many authors (e.g. [1] , [2] , [10] , [16] , [20] , [21] ), and interesting links to topological questions and Schubert calculus were made. An excellent survey article can be found in [3] , where a larger bibliography is also given.
Kimura [10] , motivated by the problem of stabilizing and controlling a mechanical system, studied this inverse eigenvalue problem in a systematic way. Clearly not every rn x p system E of order n can be pole assigned by output feedback; in particular one needs controllability and observability of the system. The results we present in this paper are stated for a generic system (see, e.g., [21] [6] and is "reverse" to the notation used by Hiller [7] , [8] .
Denote with p,,+ the canonical p-bundle over Grass(p, rn +p). The Stanley [17] , Lesieur [12] was the first who recognized a formal similarity between (4.5) and the classical identity of Jacobi and Trudi (see the Appendix). Horrocks [9] sho/ved that this relationship is more than formal and can be explained geometrically.
In this section we work out a similar relationship for the real Grassmannian. From a geometric point of view, this relation can be understood in the following way.
Consider the space glag(R"+p) of Using the Nagelbasch-Kost identity (6.11) one can express each factor gi as a polynomial in the classes {Wl,... ,w}. In this way, g becomes a polynomial g v(w,..., w). Because H mp is one-dimensional, v is just a monom, in other words 9 
The denominator of this expression is nothing else than the Vandermonde determinant and the numerator is a generalization of this type of determinant. The importance of those functions became apparent when Schur, a student of Frobenius, developed the character theory of the symmetric group (1900).
The change of basis between the different bases of An is described by a linear transformation. In 1907, Kostka [11] published matrices describing the change of basis and showed that the different transformations are closely related. The following theorem, which is due to Kostka, is proven in [18] . The coefficients {Ku} are called the Kostka coefficients. The number K can be described in a combinatorial way as the number of standard Young tableaux with shape A and content it. This means the number of ways of filling in #i integers into the diagram D under the condition that the rows are increasing and the columns are strictly increasing (see [18] [5] .
described by the following formula: (6.9) K(p-) (1-p) If in addition A (p'), the number Ku is Nagelbasch-Kostka identity:
(6.11) s det(e,i+j_),
More details about these identities are given in [13, p. 25] and in [18] .
